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I. SUMMARY 

P o s t t e s t   e v a l u a t i o n  of c a p s u l e s   f a b r i c a t e d  from t h e  columbium a l l o y s  

Cb-lZr,  FS-85 (28Ta-10.5W-O.9Zr-Bal.  Cb) and  SCb-291 (10Ta-1OW-Bal . Cb) 

which were cycled  between  1500°  and 1900°F f o r  times u p  to ,5000 h o u r s  re- 

v e a l e d   n o   e v i d e n c e  of c o r r o s i o n .  No s i g n i f i c a n t   c h a n g e   i n   m i c r o s t r u c t u r e ,  

c h e m i c a l   a n a l y s i s ,  or t e n s i l e   s t r e n g t h  was o b s e r v e d .   T h e   o n l y   s i g n i f i c a n t  

change was t h e   d u c t i l e - t o - b r i t t l e   t r a n s i t i o n   t e m p e r a t u r e   o f   t h e  FS-85 

a l l o y .  A comparison of t h e   d a t a   o b t a i n e d   o n   t h e   s p e c i m e n s   w h i c h  were 

exposed t o  vacuum  and  specimens  removed from t h e   c a p s u l e  (shown i n   T a b l e  

XII) i n d i c a t e   t h e   l i t h i u m   f l u o r i d e   e x p o s u r e   h a s  a d e f i n i t e   e f f e c t  on 

r a i s i n g   t h e   d u c t i l e - t o - b r i t t l e   t r a n s i t i o n   t e m p e r a t u r e  FS-85. 

Although no d e t r i m e n t a l  e f fec ts  of l i t h i u m   f l u o r i d e   o n  C b - 1 Z r  were 

obse rved   w i th   r eFpec t  t o  c o r r o s i o n ,   c h e m i s t r y ,  o r  p h y s i c a l   p r o p e r t i e s ,  

t h e   c a p s u l e s  were s e v e r e l y   d i s t o r t e d  a f t e r  5000 h o u r s  of t e s t i n g .  I t  i s  

b e l i e v e d   t h e   d e f o r m a t i o n   o c c u r r e d  as  a r e s u l t  of t h e   m e l t i n g   a n d   f r e e z i n g  

o f   t h e   l i t h i u m   f l u o r i d e   a n d   t h e   c o n c o m i t a n t  30 percen t   change   i n   vo lume  

d u r i n g   e a c h   t h e r m a l   c y c l e .  

In   conc lus ion ,   t he   co lumbium  a l loys  C b - l Z r ,  FS-85,  and  SCb-291 

are c o m p a t i b l e   w i t h   l i t h i u m   f l u o r i d e  a t  t h e   t e m p e r a t u r e s  t.estcd, but 

s t r e n g t h   r e q u i r e m e n t s   s h o u l d  be g i v e n   s p e c i a l   c o n s i d e r a t i o n  when parts  

a r e   t o  see the rma l   cyc le s   be tween  1500°F and   1900°F   fo r   ex t ended   pe r iods  

of t ime. 



I I. INTRODUCTION 

A study  of  the  compatibility.of  lithium  fluoride  with  several  colum- 

bium.  base  alloys  was  conducted  by testing.capsules under  .the  cyclic 

thermal  conditions  which  simulate  the  sun-shade  cycle  of a heat  receiver 

in a 300-nautical  mile  orbit..  Capsules  fabricated  from  the  columbium 

alloys  Cb-lZr,  FS-85  (28Ta-10.5W-0.9Zr-Bal.  Cb)  and  SCb-291  (10Ta-1OW- 

Bal.  Cb)  containing  lithium  fluoride  were  cycled  between  1500"  and  1900°F 

for times  up  to 5000 hours  in a high  vacuum.environment. 

The  effects  of  exposure  to  lithium  fluoride  under  these  conditions 

were  determined by chemical  analysis,  metallography,  tensile  strength,  and 

determination  of  ductile-to-brittle  transition  temperature  of  weld  speci- 

mens  removed  from  the  capsules  and  specimens  exposed  in  vacuum to the 

same thermal  conditions  as  the  capsules. The capsules  were so constructed, 

that welds  as  well  as  the  parent  metal  could  be  evaluated. 

The  columbium  alloys  Cb-lZr, FS-85, and  SCb-291  were  found to be 

compatible  with  lithium  fluoride at the  temperatures  kested. 

2 



111. MATERIAL  PROCURENENT 

A -  C a p s u l e   M a t e r i a l  

S p e c i f i c a t i o n s   f o r   t h e   p r o c u r e m e n t   o f  Cb-1Zr  and  FS-85 a l l o y  were 

updated .to r e f l e c t   t h e  l a tes t  d e v e l o p m e n t s   i n   t h e   s t a t e - o f - t h e - q r t   a n d  

a new s p e c i f i c a t i o n  was p r e p a r e d   f o r   t h e  SCb-291 a l l o y .  

The  SCb-291 a l l o y   s h e e t   m a t e r i , a l  was produced by Wah Chang  Corpora- 

t i on ,   A lbany ,   Oregon .   The   chemica l   ana lys i s   and   mechan ica l   p rope r t i e s  

( v e n d o r ' s   t e s t )   o f   t h e   0 . ' 0 3 0 - i n c h  SCb-291 a l l o y   s h e e t   a r e   p r e s e n t e d   i n  

T a b l e s  I and 11, r e s p e c t i v e l y .   S i m i l a r   d a t a   f o r   t h e   0 . 0 3 0 - i n c h  Cb-1Zr 

shee t   p roduced  by  Kawecki  Chemical Company, New York, are p r e s e n t e d   i n  

T a b l e s  I11 and I V .  

Two 24-inch x- 24-inch x 0 .030- inch   shee t s   o f  FS-85 a l l o y  were 

obta ined   f rom  the  Navy. Th i s   ma te r i a l   was   p roduced  by F a n s t e e l  M e t n l -  

l u r g i c a l   C o r p o r a t i o n ,   N o r t h   C h i c a g o ,   I l l i n o i s  , under  Navy C o n t r a c t  NOW 

65-0498- f .   Comple t e   p rocess ing   i n fo rma t ion   fo r   t h i s   ma te r i a l ,   Hea t  No. 

85D1525, i s  p r e s e n t e d   i n   t h e   f i n a l   r e p o r t  of the  program.  The 

c h e m i c a l   a n a l y s i s ,   T a b l e  V, and   mechan ica l   p rope r t i e s ,   Tab le  V I ,  of t h i s  

s h e e t   c o n f o r m   t o   t h e   a l l o w a b l e  limits i n   t h e  GE-NSP s p e c i f i c a t i o n   f o r  

FS-85 , 01-0020-00-C. 

B. L i t h i u m   F l u o r i d e  

The l i t h i u m  f l u o r i d e  f o r   t h i s   p r o g r a m   w a s   o r d e r e d   f r o m   t h e   O p t i c a l  

Crystal   Department ,   Harshaw  Chemical  Company, Cleveland,   Ohio.  The 

m a t e r i a l   w a s   i n   t h e   f o r m   o f   c l e a v e d ,   s i n g l e - c r y s t a l   p i e c e s  (5 t o  15 mm 

on  an edge) t a k e n  f r o m  t h e   c e n t e r s   o f   t h r e e   o p t i c a l   g r a d e   s i n g l e - c r y s t a l  

ingots   which  had  been  grown  in   plat inum  molds.   Cleaving was performed 

u n d e r   a n   i n e r t   g a s   c o v e r .   T h e   m a t e r i a l   w a s   s h i p p e d  , doub le  pacIiL3lgcd 

F a b r i c a t i o n   o f   F a n s t e e l  85 M e t a l   S h e e t ,   F a n s t e e l   M e t n l l u r g i c n l  
C o r p o r a t i o n ,   C o n t r a c t  NOW 65-0498-f,  March  1966. 

3 



TAELE I .  CHEMICAL  ANALYSIS OF SCb-291  0.030-INCH SHEET 

(Wah Chang  Heat  9 4 0 4 7 )  

C o n c e n t r a t i o n ,  ppm ( U n l e s s  O t i w r w i s e  N o t c t l )  

Vendor 
E l e m e n t   A n a l y s i s  

Oxygen 
Carbon 
N i t r o g e n  
Hydrogen 
Aluminum 
Boron 
Cadmium 
C o b a l t  
Chromium 
Copper  
I r o n  
Magnesium 
Manganese 
N i c k e l  
Le ad 
S i l i c o n  
T i n  
T i t a n i u m  
Vanadium 
Hafnium 
T u n g s t e n  
T a n t a l u m  
Columbium 

< 50 
< 4 0  
< 25 

3 
< 20 
< 1  
< 5  
< 10 
< 20 
< 40 

50 
< 20 
< 20 

50 
< 20 
< 50 
< 10 
< 4 0  
< 20 
< 80 

10.1 w/o 
11.66 w/o 
B a l .  

GE -NSP 
A n a l y s i s  (b) 

38, 20 
9 ,  20 

3, 4 
<1,  < I  

"U 

( a )  Cb-1OW-lOTa, r e c r y s t a l l i z e d ,  ASTM grain  s i z e  6.5. 

( b )  D u p l i c a t e   a n a l y s i s .  

4 
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TABLE 11. nlzECHANICAL PROPERTIES OF SCb-291 ALIDY(a)  0,030-INCH SHEET 

(Wah Chang  Heat 94047) 

T e n s i l e   T e s t s  

U l t  irnate 
T e n s i l e   S t r e n g t h  

p s i  

59,200 

58,200 

Y i e l d  
S t r e n g t h  

p s i  

40,500 

39,900 

E longa t ion  
x 

25 

24 

S t r e s s - R u p t u r e   T e s t s  

Temperature ,  OF S t r e s s ,  p s i  Time,  Hours  Elongnt  ion, ‘:6 

2200 10,000 2.3 50 

2200 10,000 3.4 66 

( a )  Cb-1OW-lOTa, r e c r y s t a l l i z e d ,  ASTM g r a i n   s i z e  6.5. 

5 
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TABLE 111. CHEMICAL  ANALYSIS OF Cb-1Zr 0.030-INCH SHEET ( a )  

(Kawecki  Heat 37507) 

Element 

Oxygen 

Carbon 

N i t r o g e n  

Hydrogen 

I r o n  

Tantalum 

T i t an ium 

S i l i c o n  

Zirconium 

C o n c e n t r a t i o n ,  ppm (Unless   Otherwise   Noted)  
I n g o t   F i n i s h e d   P r o d u c t  

120 

35 

< 10 

3 

10 

800 

< 10 

10 

1.04 w / o  

100 

45 

10 

6 

( a )  R e c r y s t a l l i z e d ,  ASTM g r a i n  s ize  7.5, v e n d o r ' s   a n a l y s i s .  
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TABLE IV. MECHANICAL  PROPERTIES OF Cb-1Zr 0.030-INCH SHEET (a). 

(Kawecki  Heat  37507) 

Tensile  Tests 

Ultimate 
Tensile  Strength 

psi 

37,600 

37,700 

Temperature'? OF 

2200 

2200 

Yield 
Strength 
psi 

25,200 

27,700 

Elongat ion 

28 

37 

Stress-Rupture  Tests 

Stress, psi Time, Hours 

10,000 15.6 

10,000 15.1 

( a )  Recrystallized, ASTM grain  size 7.5. 
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TABLE V. CHEMICAL ANALYSIS OF FS-85 SHEET ( a )  

E 1 emen t 

Carbon 

N i t r o g e n  

Oxygen 

Hydrogen 

N i c k e l  

I r o n  

Chromium 

S i l i c o n  

Tanta lum 

Tungs   t en  

Z i r con ium 

(Fans t ee l   Hea t   85D1525)  

C o n c e n t r a t i o n ,  ppm ( U n l e s s   O t h e r w i s e   N o t e d )  
A l l o w a b l e   i n  
S p e c i f i c a t i o n  (b) 

I n g o t  S h e e t ,   B a r  S h e e t  Minimum Mnximum 

1 0  10 22 ” 1 0 0  

5 0- 30 36 ” 7 5  

5 0  59 55 ” 1 0 0  

5 8 1 1 0  

1 0  50 

5 0  70 70 1 0 0  

” 1 0  ” ” 1 0 0  

50 100 5 0  ” 1 0 0  

26 .88  w/o 27 .98  w/o 27.72  w/o 26  w/o 29 w/o 

” 

” ” ” 

” 

10 .10  w/o 10 .4  w/o 10.58  w/o 1 0  w / o  12  w / o  

0 .87  w/o 0.95  w/o  0.94 w/o 0 . 6  w/o 1.1 w/o 

( a )   F a b r i c a t i o n  of F a n s t e e l  85 M e t a l   S h e e t ,   F a n s t e e l   M e t a l l u r g i c a l  
C o r p o r a t i o n ,   C o n t r a c t  NOw-65-0498-f,  March  1966. 

( b )  NSP S p e c i f i c a t i o n  Number  01-0020-00-C, S h e e t ,   P l a t e ,   a n d   S t r i p :  
FS-85  (Cb-28Ta-10.5W-0.9Zr)  Alloy,  July 18, 1966.  
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TABLE V I .  ROOM  TEMPERATURE TENSIIJ PROPERTIES OF FS-85 SHEET (a) 

(Fansteel 85D1525) 

Ultimate 
Tensile  Yie Id 
Strength  Strength  Elong. E x 1 0  -6 

Specimen  psi  psi 74 psi - 

Longitudinal 86,800 67,400 24 19.5 

85,500 71,400 21 20.1 

Transverse 89,200 73,800 23 20.2 

89,400 74,100 21 20.3 

Minimum  Allowable 
in  Specif ication(b) 70,000 50,000 20 ” 

!Jaximum  Allowable 
in  Specification(b1 ~OO,OOO 80,000 “ ” 

(a) Fabrication  of  Fansteel 85 Melal  Sheet,  Fansteel  Metnllui*gi~.nl 
Corporation,  Contract NOW 65-0498-F, March  1966. 

( b )  NSP Specification  Number 01-0020-00-C, “Sheet,  Plate,  and 
Strip: FS-85 (Cb-28Ta-10.5W-0.9Zr) Alloy,” July 18, 1966. 
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i n   p o l y e t h y l e n e ,   i n  a metal c o n t a i n e r   c o n t a i n i n g  a s i l i c a  g e l   d e s s i c a n t .  

E m i s s i o n   s p e c t r o g r a p h i c   a n a l y s i s   s u p p l i e d   o n  each ' ingot  f rom  wh ich  the 

material  was t a k e n  i s  shown i n   T a b l e  V I I .  

A s t a i n l e s s  s teel  c o n t a i n e r   o f   h i g h - v a c u u m   d e s i g n  was c o n s t r u c t e d  

f o r  storage of t h e   l i t h i u m   f l u o r i d e .  This c o n t a i n e r   w a s   f i t t e d   w i t h  n 

V a r i a n   c o p p e r - g a s k e t e d   f l a n g e   a n d  a b a k e a b l e   v a l v e .   S u b s e q u e n t l y ,   t h e  

c o n t a i n e r  was s e a l e d ,   a n d   t h e   l i t h i u m   f l u o r i d e   c r y s t a l s  were h e a t e d   a n d  

ou tgassed   unde r   vacuum 

I V .  EXPERIMENTAL  PROCEDURE 

A. C a p s u l e   F a b r i c a t i o n  

A 40° c i r c u l a r   r i n g  sector  c a p s u l e  is s h o w n   s c h e m a t i c a l l y   i n  

F i g u r e  1. 

S e l e c t i o n   o f   t h i s   d e s i g n  was b a s e d   o n   t h e   a b i l i t y  01 the c n p s u l c  

a r r a n g e m e n t ,   s h o w n   i n   F i g u r e   2 ,  t o  s i m u l a t e   t h e   s u n - s h a d e   c y c l e .   T h e  

w e l d   s p e c i m e n   s h o w n   b e t w e e n   t h e   c a p s u l e s   w a s   c o m p a r a t i v e l y   e v a l u n t c d  

w i t h   t h e   c a p s u l e   m a t e r i a l   a f t e r   t e s t i n g .  The f o r m e d   c a p s u l e  segments 

a n d   w e l d   s p e c i m e n   b l a n k s  are  shown i n  F i g u r e  3 .  After  f o r m i n g ,   t h e  

c a p s u l e   s e g m e n t s  were p i c k l e d   i n   a c c o r d a n c e   w i t h  NSP S p e c i f i c a t i o n  

number 03-0021-00-A. They were t h e n   w e l d e d   l o n g i t u d i n a l l y   b y   t h e   a u t o -  

m a t i c   t u n g s t e n   i n e r t  gas p r o c e s s .  The end caps were w e l d e d   i n   p l a c e  

m a n u a l l y .   S h e e t   s p e c i m e n s   o f   e a c h  a l l o v  were s i m i l a r l y   c l e a n e d  and 

w e l d e d   a l o n g   w i t h ,   a n d   i n   t h e   s a m e   m a n n e r   a s   t h e   c a p s u l e   s e g m e n t s .  

A l l  w e l d i n g  was p e r f o r m e d   i n   a c c o r d a n c e   w i t h  NSP S p e c i f i c a t i o n  N o .  

03-0025-00-A,  "Welding of Columbium,  Tantalum,  and Their A l l o y s  by t h e  

I n e r t  Gas T u n g s t e n  Arc P r o c e s s . "   T h e   w e l d s  were v i s u a l l y  and  r : l t l i o -  

g r a p h i c a l l y   i n s p e c t e d   a s   d e s c r i b e d  i n  t h e   w e l d i n g   s p e c i l ' i c a 1 , i o n  s r ~ d  

found t o  be   sound.  A l l  t h e   c a p s u l e s   p a s s e d   h e l i u m   m a s s  spectrcwc~Ler 

l e a k   t e s t i n g   a c c o r d i n g  t o  NSP S p e c i f i c a t i o n  No.  03-0013-0043. F o l l o w i n g  

w e l d i n g ,   t h e  Cb-1Zr  and  SCb-291 a l l o y   c a p s u l e s  were a n n e a l e d  a t  2200°F 

f o r  1 h o u r , a n d   t h e   F S - 8 5   a l l o y   c a p s u l e s  were a n n e a l e d  a t  2400°F f o r  1 

hour .   The   we ld   spec imens  were a n n e a l e d   a l o n g   w i t h   t h e   c a p s u l e s .  

TWO ASTM s t a n d a r d   t e n s i l e   s p e c i m e n s   o f   t h e   d e s i g n   s h o w n   i n   F i g u r e  4 

were i n s t a l l e d   i n   e a c h   c a p s u l e .  Wire h o l d e r s ,  made  of t h e  same m a t e r i a l  

as  t h e   c a p s u l e ,  were u s e d  t o  s u p p o r t   t h e   s p e c i m e n s .  



TABLE V I I .   L I T H I U M   F L U O R I D E   S P E C T R O G R A P H I C   . A N A L Y S I S  

Ingot  1 Ingot 2 Ingot  3 D e t e c t i o n   L i m i t s  
E l e m e n t   P P m  PPm PPm  PPm 

A 1  
Sb 
AS 
B a  
B e  
B i  
B 
Cd 
Ca 
C r  
co 
cu 
G a  
G e  
Au 
I n  
Fe 
La 
Pb 
M g  
>In 
Hg 
X I  0 
Si 
P 
P t  
S i  
Ag 
N a  
S r  
T i  
Sn 
W 
V 
Z n  
Zr 

3 
ND* 
ND 
ND 
ND 
ND 
ND 
ND 
1-2 

< l  
1W 
ND 
ND 
ND 
ND 
ND 
3 
ND 
ND 
3 
ND 
ND 
ND 
N D  
ND 
ND 
3 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1-2 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
3 

c 1  
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
3 
ND 
ND 
ND 
ND 
ND 
ND 
3 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1-2 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
1-2 

< 1  
ND 
ND 
ND 
ND 
ND 
ND 
1-2 
ND 
ND 
3 
ND 
ND 
ND 
ND 
ND 
ND 
3 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

- 
10 
100 
100 

1 
1 
1 
10 - 
- 
1 
1 
1 
1 
1 
1 

10 
1 

- 
1 
10 
1 
1 

1000 
10 - 
1 

100 
10 
1 
1 

100 
1 

100 
1 

* S D  - N o t  Detected 
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.. . . ." . 

ELECTRON BEAM WELD 
AFTER FILLING 

\ r *060" j".IOO" 

, a 

1 

-LONGITUDINAL 
WELD BOTH SIDES 

f.030" TH K MATL 

Figure 1. Lithium  Fluoride-Columbfum  Base  Alloy 40° Circular  Ring 
Sector  Corrosion  Capsule. 
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F S - 8 5  WELD SPECIMEN 

SPECIMEN - WELD 

C b - 1 Z r  

SCb-291  
WELD SPECIMEN 

FS-85  
UELD  SPECIME 

WELD SPECIMEN 
Cb-1Zr '  

UELD  SPECIMEN 
SCb-291 

F i g u r e  2 .  

- 1 "  BELOW H E I G H T   O F   L i F  @ 1900'F 
TOP THERMOCOUPLES  LOCATED 

- 2" FROM  BOTTOM OF CAPSULE 
BOTTOM THERMOCOUPLES  LOCATED 

L i t h i u m   F l u o r i d e  40° C i r c u l a r   R i n g   S e c t o r  Capsule T e s t .  
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F i g u r e  3.  L i t h i u m   F l u o r i d e  40° R i n g   S e c t o r   C a p s u l e   S e g m e n t s   a n d  Weld 
Specimen  Blank  Before  Welding.   (Orig.   C67021526)  

14 
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.74 

2.99-1 3.0 I 

b38 .99 8 .998 

t r  t 

ES 

L.248-.252 D I A  THRU 2 HOLES L O C  
A S  SHOWN WITHIN -002 R OF TRUE P os 

Figure 4 .  ASTM S t a n d a r d  Tensile  Test  Specimen. 
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B. C a p s u l e   F i l l i n g  

F o l l o w i n g   w e l d i n g   a n d   a n n e a l i n g ,   t h e  40” r i n g  sector c a p s u l e s  were 

f i l l e d   w i t h   l i t h i u m   f l u o r i d e   a n d   s u b s e q u e n t l y   s e a l e d   b y  e lectron bean1 

w e l d i n g .  

T h e   c a p s u l e   f i l l i n g   a p p a r a t u s   s h o w n   a s s e m b l e d   i n   t h e   w e l d i n g   c h a m b e r  

i n   F i g u r e  5 a n d   s c h e m a t i c a l l y  i n  F i g u r e  6 employed t w o  s e p a r a t e l y   c o n t r o l -  

l e d   s p l i t   t a n t a l u m   r e s i s t a n c e   h e a t i n g   e l e m e n t s .   T h e  lower c a p s u l e   h e a t e r  

m a i n t a i n e d   t h e   c a p s u l e s   d u r i n g   f i l l i n g   b e t w e e n  1550°F and  1 6 5 0 ” I ~ ’  t o  k e e p  

t h e   l i t h i u m   f l u o r i d e   f r o m   s o l i d i f y i n g   w h i l e  the upper   I ’unnc l   he ; i t c r  

s u p p l i e d   h e a t  t o  melt t h e   l i t h i u m   I l u o r i d e   c r y s t a l s   i n t . 0  e:~ch c * a p s u l e .  

T h e   c a p s u l e   a n d   a s s o c i a t e d   s h i e l d i n g   r o t a t e d   a r o u n d   t h e   he:^ t c ! r  on a 

b a l l   b e a r i n g   s u p p o r t e d   t a b l e .   E a c h   c a p s u l e   w a s   p o s i t i o n e d   b e n e a t h   t h e  

f u n n e l  by  means  of a p o s i t i o n i n g   p i n  inser ted  i n  holes d r i l l e d   i n  tlle 

r e v o l v i n g   t a b l e .  T l i i s  m e t h o d   w a s   r e q u i r e d   a s   t h e   p o s i t i o n   o f   t h e   c a p s u l e s  

c o u l d   n o t   b e   d e t e r m i n e d   v i s u a l l y   i n s i d e   t h e   w e l d i n g   c h a m b e r ,   a n d   p r e c i s e  

p o s i t i o n i n g   o f   t h e   c a p s u l e  under t h e   f u n n e l   w a s   c r i t i c a l .  

T h e   p r e s s u r e   i n   t h e   c h a m b e r   w a s   m a i n t a i n e d   b e l o w  5 x 10 t o r r  

d u r i n g   m e l t i n g   o f   t h e   l i t h i u m   f l u o r i d e .  A s  a r e s u l t ,   l o a d i n g  the l i t l l i u l n  

f l u o r i d e   c r y s t a l s   i n t o   t h e   f u n n e l   a n d   r o t a t i n g   t h e   c a p s u l e s   h a d  Lo b e  

p e r f o r m e d   w i t h  t h e  m a n i p u l a t o r s   s h o w n   i n   F i g u r e  7. T h e  l i t h i u n l   t ‘ l u o r i d c  

c r y s t a l s  were p r e w e i g h e d   i n t o   s t a i n l e s s  s teel  b e a k e r s   w h i c h  were h e l d  on 

a r o t a t i n g   t a b l e  i n  a p o s i t i o n   a c c e s s i b l e   w i t h   t h e   n l n n i p u l n t o r .   T h e  r o i l  

shown i n   F i g u r e  7 p r o t e c t e d   t h e   g l o v e s   a n d   w e l d i n g  Iwse f r o m   e x c e s s i v e  

h e a t i n g  by r a d i a t i o n   f r o m   t h e   f i l l i n g   f a c i l i t y .   T h e   l i l l e d   c a p s u l e s  were 

a l l o w e d  t o  cool b e f o r e   t h e   c h a m b e r   w a s   b a c k f i l l e d   w i t h   h e l i u m .   T h e  

c a p s u l e s  were removed from t h e   f i l l i n g   a p p a r a t u s ,   s e a l e d   i n  the t . r a n s f e r  

c o n t a i n e r ,   a n d   t r a n s f e r r e d  t o  t h e   e l e c t r o n  beam we ld ing   chamber   where  

t h e y  were s u b s e q u e n t l y   s e a l e d  by e lec t ron  beam w e l d i n g   a t  a vacuum o f  

1 x torr. 

-5 

C. T e s t   F a c i l i t y  

T h e   l i t h i u m   i l u o r i d e  40” r i n g  sector  c a p s u l e  t es t  w a s  c o n d u c l e d   i n  

a n   1 8 - i n c h - d i a m e t e r   V a r i a n   u l t r a h i g h  vacuum  chanlbcr.  Tile  colnplete 40” 

r i n g  sec tor  c a p s u l e  t e s t  f a c i l i t y  i s  shown i n  J’igure 8 .  

16 
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Figure 5, The Lithium Fluoride 40°  Ring Sector Capsule Fill ing  Facility.  
(Orig. C67040548) 
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Tantalum ' 
Heater 
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" _ "  
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- Shie ld ing  

' Tens i le  

Specimens 

Ba l l  
, Bearing 
Turntable 

I C l 2 1 6 - 8  

F i g u r e  6 .  T h e   L i t h i u m   F l u o r i d e   C a p s u l e   F i l l i n g   F a c i l i t y   S c h e m a t i c  
Diagram. 
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Figure 7 .  The Lithium Fluoride 40'  Ring Sector Capsule Fill ing  Facility.  
(Orig. C67040546) 
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hl 
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Figure 8. The Lithium  Fluoride 40° Ring Sector  Capsule Test Fac i l i t y .  
(Orig. C68022941) 
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Overtemperature 
Protection 
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Cycle . 
Programmer 

I, 
Voltmeter 

,Ammeter 

Figure 9 .  Temperature  Cycle  Control  System  Lithium  Fluoride 40 Ring Sector  0 

Capsule T e s t .  (Orig.  C68022940) 

21 



1. T e m p e r a t u r e   C o n t r o l   S y s t e m  

T h e   p o w e r   f o r   t h e   t a n t a l u m   h e a t e r   w a s   p r o v i d e d   b y   m e a n s   o f  a 10 kv3 

s t e p  down t r a n s f o r m e r   w h i c h   r e d u c e d   t h e   l i n e   v o l t a g e   f r o m   2 2 0  v t o  1 2  v .  

The l i n e   v o l t a g e   w h i c h   r e g u l a t e s   t h e   t e m p e r a t u r e   w a s   c o n t r o l l e d  by the 

t e m p e r a t u r e   c y c l e   c o n t r o l   s y s t e m ,   s h o w n   i n   F i g u r e  9 w h i c h   c o n s i s t e d  of a 

c a m - o p e r a t e d   t e m p e r a t u r e   p r o g r a m m e r   d r i v i n g  a s i l i c o n - c o n t r o l l e d   r e c t i l ' i e r  

p o w e r   r e g u l a t o r .   T h e   c a m ,   s h o w n   i n   t h e   t e m p e r a t u r e   p r o g r a m m e r   i n   F i g u r e   1 0 ,  

m a d e   o n e   c o m p l e t e   r e v o l u t i o n   e v e r y  96 m i n u t e s   a n d   w a s   c u t  t o  p r o v i d e  a 

power o n  - p o w e r   o f f   c y c l e .   D u r i n g   t h e   m e l t i n g   a n d   h e a t i n g   c y c l e ,  a 

c o n s t a n t   p o w e r   v a l u e   w a s   a p p l i e d ,   c a p a b l e   o f   h e a t i n g   t h e   c a p s u l e  t o  

1 9 0 0 ' F   i n   o n e   h o u r .   T h i s  w a s   a c c o m p l i s h e d   b y   h a v i n g   t h e   c a m - a c t u a t e d  

c o n t r o l  set p o i n t  well a b o v e   t h e   t e m p e r a t u r e   i n d i c a t o r   d u r i n g  t h e  h e a t i n g  

c y c l e ,   t h e r e b y ,   t h e   p r o g r a m m e r   w a s   c o n s t a n t l y   c a l l i n g   f o r   p o w e r .   T h e  

p o w e r   l e v e l   w a s   i n   t u r n  set b y   t h e   c u r r e n t  limiter a d j u s t m e n t   i n  t h e  

s i l i c o n - c o n t r o l l e d   r e c t i f i e r  p o w e r   c o n t r o l l e r .  By a p p l y i n g  a c o n s t a n t  

power t h r o u g h o u t   t h e   h e a t i n g   c y c l e ,   t h e   t h e r m a l   c o n d i t i o n s  of t h e   c a p s u l e  

b e t t e r   s i m u l a t e d   t h e   s u n   c y c l e   o f  a h e a t   r e c e i v e r   i n  a 3 0 0 - n a u t i c a l - m i l e  

o r b i t .  After 60 m i n u t e s   t h e  cam l o w e r e d   t h e  set p o i n t   t o  well below the 

i n d i c a t e d   m i l l i v o l t   o u t p u t  of t h e   c o n t r o l   t h e r m o c o u p l e   a n d   s h u t  the p o u e r  

o f f .   T h e  low p o i n t  of t h e   c y c l e   w a s   s e l e c t e d  t o  a s s u r e  t h a t  a 1 1  the 

l i t h i u m   f l u o r i d e   i n   t h e   c a p s u l e   h a d   P r o z e n   b e f o r e  t he  power  came  on for  

t h e   n e x t  cycle. 

Power t o   t h e   c a p s u l e   h e a t i n g   e l e m e n t   w a s   d e t e r m i n e d  by m e a s u r i n g  the 

v o l t a g e   w i t h  a s t a n d a r d   v o l t m e t e r  (* 3 p e r c e n t )   a n d   m e a s u r i n g  t h e  c u r r e n t  

w i t h  a W e s t o n   c u r r e n t   t r a n s f o r m e r   a n d   a n   a m m e t e r  (* 0.5 p e r c e n t )   a s  shown 

i n   F i g u r e  11. 

2. T h e r m o c o u p l e   I n s t r u m e n t a t i o n  

By i n c o r p o r a t i n g  a t h e r m o e l e c t r i c a l l y   c o o l e d   c o n s t a n t  tetnpernture 

( 3 2 ' F )   r e f e r e n c e   j u n c t i o n   i n  the t h e r m o c o u p l e   c i r c u i t r y ,  a s  shown i n  

F i g u r e  12, c o r r e c t e d   t e m p e r a t u r e s  were p l o t t e d   o n   t h e   r e c o r d e r s .  T e w  

p e r a t u r e s  were p e r i o d i c a l l y   c h e c k e d   w i t h  a p o t e n t i o m e t e r  by means of t h e  

the rmocoup le  switches, shown i n   F i g u r e  13, which  switch the thern lncouple  

i n p u t   f r o m  t h e  r e c o r d e r   i n t o   t h e   p o t e n t i o m e t e r .  

E a c h   o f   t h e   n i n e  40' r i n g  sector c a p s u l e s  was i n s t r u m e n t e d  with t h r e e  

W-3Re/Ur-25Re t h e r m o c o u p l e s   a s   s h o w n   i n   F i g u r e  14. T h e   t h e r m o c o u p l e  
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Figure 10. Cam  Controlled  Temperature  Programmer - Lithium  Fluoride 
40° Ring  Sector  Capsule Test.  (Orig. C67031427) 
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Figure 11. Cugrent  Measuring Instruments Employed i n  the Lithium Fluoride 
40 Ring Sector Capsule Test. 
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Figure 12. Themlocouple  Circuitry Employed i n  the  Lithium  Fluoride  Capsule  Test ,  



Figure 13. Temperature  Measuring and Recording Instrumentation - Lithium 
Fluoride 40° Ring Sector Capsule Test. 
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on t h e   o u t s i d e   r a d i u s   o f   e a c h   c a p s u l e  was p o s i t i o n e d   v e r t i c a l l y   h a l f -  

way be tween   t he   o the r  t w o  thermocouples  and h o r i z o n t a l l y   i n   t h e   c e n t e r  

o f   t h e  capsule.  One Cb-1Zr capsule was i n s t r u m e n t e d   w i t h   t h r e e   a d d i t i o n a l  

t h e r m o c o u p l e s   i n   t h e  same h o r i z o n t a l   p l a n e s  as t h e   o t h e r   t h r e e   t h e r m o -  

c o u p l e s   a s  shown i n   F i g u r e   1 4 .  A l l  t he   t he rmocoup les  were a t t a c h e d  

a c c o r d i n g  t o  NSP S p e c i f i c a t i o n  No.  03-0019-00-A, "Thermocoup le   In s t a l l a -  

t i o n   R e f r a c t o r y  Loop Systems i n  High Vacuum Envi ronment . ' '   Ins t rumenta t ion  

o f   t h e   c a p s u l e  tes t  f a c i l i t y  was  completed as shown i n   F i g u r e  15. 

3. L i t h i u m   F l u o r i d e  Leak Detector 

L i t h i u m   f l u o r i d e   l e a k   d e t e c t i o n   d e v i c e s  were employed  on t h e  40' 

r i n g   s e c t o r   c a p s u l e  tes t .  They are s u r f a c e   i o n i z a t i o n   d e t e c t o r s .   T h e  

o p e r a t i o n  of such a detector depends   on   the   convers ion   of   an   a tom  of  

low i o n i z a t i o n   p o t e n t i a l   i n t o  a p o s i t i v e   i o n   o n  a s u r f a c e   w i t h  a h igh  

work   func t ion .  The detector shown i n   F i g u r e  16 employs a rhenium  f i lament  

and a t a n t a l u m   c o l l e c t o r .   L i t h i u m   f l u o r i d e   m o l e c u l e s   i m p i n g i n g   o n   t h e  

hea ted   rhenium  f i lament  w i l l  be d i s s o c i a t e d   t o   a t o m s  and t h e   l i t h i u m  

a toms  subsequent ly  w i l l  be ion ized .   The   i on ized   l i t h ium  a toms  w i l l  be 

drawn t o   t h e   t a n t a l u m  col lector  which i s  e l e c t r i c a l l y   n e g a t i v e .  The 

e l e c t r i c a l   s i g n a l   p r o d u c e d  by t h e s e   i o n s   c a n   b e  d e t e c t e d  w i t h   a n   e l e c t r o m -  

e ter ,  as shown i n   t h e   w i r i n g   s c h e m a t i c ,   F i g u r e  17. 

D. Cawsule   Tes t ing   Procedure  

Upon c o m p l e t i n g   t h e   i n s t r u m e n t a t i o n  and assembly  of 40' r i n g  sector 

c a p s u l e s  as  shown i n   F i g u r e  15, t h e   b e l l  j a r  was  secured  and pumpdown 

was i n i t i a t e d .   T h e   f a c i l i t y   p a s s e d   h e l i u m   m a s s   s p e c t r o m e t e r   l e a k   c h e c k -  

i n g   t o  NSP S p e c i f i c a t i o n  N o .  03-0013-00-B and  was s u b s e q u e n t l y   e v a l u a t e d  

by s o r p t i o n  and ge t te r - ion   pumping .   Fol lowing  a 12-hour  bakeout of t h e  

vacuum sys tem,   the   chamber   p ressure  was 10 torr. A t  t h i s  time power 

w a s   a p p l i e d   t o   t h e   t a n t a l u m   h e a t i n g   e l e m e n t   a t  a r a t e   t o   m a i n t a i n   t h e  

c h a m b e r   p r e s s u r e   i n   t h e  10 t o r r  r ange .  When t h e   c a p s u l e ' s   t e m p e r a t u r e  

r e a c h e d   1 5 0 0 ° F ,   t h e   t e m p e r a t u r e   c y c l e   c o n t r o l   s y s t e m   w a s   p u t   i n   t h e   a u t o -  

m a t i c   p o s i t i o n  and t e m p e r a t u r e   c y c l i n g  commenced. The   capsu le s  were 

heated  f rom  1500°F t o  1900'F i n   o n e   h o u r   w i t h   4 . 1  kw power   appl ied  

t h r o u g h o u t   t h e   h e a t i n g   c y c l e .  The c a p s u l e s   c o o l e d  t o  t h e   l i t h i u m   f l u o r i d e  

f r e e z i n g   t e m p e r a t u r e   i n   e i g h t   m i n u t e s ,  rejected t h e   h e a t   o f   s o l i d i f i c a -  

t . ion   in   23   minutes ,  and coo led  t o  1500°F i n   f i v e   m i n u t e s .  A t  t h a t  time, 

-9 
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Figure 15. The Lithium Fluoride 40° Ring Sector Capsule Test Facility.  
(Orig. C67052544) 

Ci230-4 
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Figure 16. Lithium Fluoride Leak Detector  Filament 
And Collector  Assembly. 
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Figure 17. L i t h i u m  Fluoride  Leak  Detector Wiring Schematic Diagram. 
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t he   chamber   p re s su re  was 2 x 10 to r r  w i t h   t h e   c a p s u l e s   a t  1900'F. 

A f t e r  300 h o u r s   t h e   c h a m b e r   p r e s s u r e  was i n   t h e  10 to r r  r a n g e   w i t h  

t h e   c a p s u l e s  a t  1900°F  and a f t e r  5000 h o u r s   t h e  pressure was 1 x lo-' 

-7 

-8 

t o r r .  

A t y p i c a l   c a p s u l e   t e m p e r a t u r e   p r o f i l e   d u r i n g   c y c l i n g ,  shown i n  

F i g u r e  18, was   measured   on   the   320th   cyc le .  A t  t h e   s t a r t  of t h e   c y c l e ,  

t h e   a r e a   a d j a c e n t  t o  t h e   t o p   t h e r m o c o u p l e  was v o i d  of l i t h i u m   f l u o r i d e ,  

and i t s  t e m p e r a t u r e   r o s e   r a p i d l y   u n t i l   l i t h i u m   f l u o r i d e   b e g a n   t o  melt 

i n   t h e   b o t t o m   o f   t h e  capsule.  M e l t i n g  a t  t h e   o u t s i d e   w a l l   o f   t h e   c a p s u l e  

o c c u r r e d   s o o n   a f t e r   w i t h   a l l   t h e   l i t h i u m   f l u o r i d e   b e i n g   m o l t e n   t h i r t y  

m i n u t e s   a f t e r   h e a t i n g   w a s   i n i t i a t e d .   T h e  area a d j a c e n t  t o  the   upper   thermo-  

c o u p l e   w a s   c o v e r e d   w i t h   m o l t e n   f l u o r i d e  a t  t h i s  time r e a c h i n g  a maximum 

tempera tu re   o f   1885 'F ,   s ix ty   minu te s  a f t e r  t h e   c y c l e   w a s   i n i t i a t e d .  The 

power was t u r n e d   o f f   a t   t h i s  time, and t h e   c a p s u l e   c o o l e d   t o   t h e   l i t h i u m  

f l u o r i d e   f r e e z i n g   p o i n t   i n   a p p r o x i m a t e l y  e i g h t  minu tes .  Once l i t h i u m  

f luo r ide   began   t o   f r eeze ,   t he   concomi tan t   vo lume   r educ t ion   l owered   t he  

l i q u i d   l e v e l   b e l o w   t h e   a r e a   a d j a c e n t  t o  t h e   t o p   t h e r m o c o u p l e .   T h i s  

a r e a ,   v o i d   o f   l i t h i u m   f l u o r i d e   c o o l e d   r a p i d l y   r e a c h i n g  a minimum tempera- 

t u r e   o f  1240'F.  The l i t h i u m   f l u o r i d e   a d j a c e n t  t o  t h e  bottom thermocouple  

rejected t h e   h e a t   o f   s o l i d i f i c a t i o n   i n   t w e n t y - t w o   m i n u t e s  and coo led  

25'F b e l o w   t h e   f r e e z i n g   p o i n t   b e f o r e   t h e   n e x t   c y c l e   w a s   i n i t i a t e d .  

A f t e r  1000 hours of t e s t i n g ,   t h e   c a p s u l e s  were allowed t o  c o o l  t o  

room t empera ture .   The   chamber   was   opened ,   and   one   capsule   each   of  C b - l Z r ,  

FS-85,  and  SCb-291 a l l o y s  were removed. "he vaca ted   capsu le   space   was  

f i l l e d   w i t h  a t a n t a l u m   f o i l   i n s u l a t i o n   a s s e m b l y  and the   chamber  reclosed. 

Fol lowing   ion  pump c o n f i n e m e n t   a n d   b a k e o u t ,   c a p s u l e   h e a t i n g   w a s   i n i t i a t e d .  

The  remaining s i x  c a p s u l e s  were r e t u r n e d   t o   t h e  tes t  c o n d i t i o n s  and t e s t e d  

f o r  an a d d i t i o n a l  4000 h o u r s  (5000 hours t o t a l  t e s t  d u r a t i o n ) .  

Ch-1Zr  c a p s u l e s   r e m o v e d   a f t e r  5000 h o u r s  of t e s t i n g  were severely 

d i s t o r t e d .   C a p s u l e s   f a b r i c a t e d   f r o m   t h e   s t r o n g e r   c o l u m b i u m - b a s e  : ~ l l o y s ,  

SCb-291  and FS-85, showed l i t t l e  change .   The   deformat ion   observed   in   the  

Cb-1Zr c a p s u l e s  i s  compared   wi th   the   unchanged  appearance   o f   the  FS-S3 

c a p s u l e s   i n   F i g u r e   1 9 .  
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Figure 18, Typical  Thermal  Cycle of a 40' Ring Sector   Li thium  Fluoride 
Test  Capsule. 



FS-85 
Capsules  

1 Side  Fac ing  Chamber Wall 2 

Cb-1Zr  
Capsules  

f Side  Fac ing   Heater  

F igure   19 .  40' Ring  Sec tor   Capsule   Fol lowing  5000 Hours of Tes t ing .  The 
Capsules  Were Cycled  Between 1500' and 1900'F. The FS-85 Capsules  
Were Unchanged in   Appea rance   Whereas   Seve re   D i s to r t ion  Was Observed 
in t h e  Cb-1Zr Capsules.  (Orig.  C68061208  and  C68061209) 
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V. EVALUATION OF CAPSULES AND TEST RESULTS 

T h e   e v a l u a t i o n  of t h e   c a p s u l e s   a n d   w e l d   s p e c i m e n s   c o n s i s t e d  of 

c h e m i s t r y ,   m e t a l l o g r a p h y ,   a n d   d e t e r m i n a t i o n  of d u c t i l e - t o - b r i t t l e   t r a n s i -  

t i o n   t e m p e r a t u r e .  

Room t e m p e r a t u r e   t e n s i l e   p r o p e r t i e s  were d e t e r m i n e d   f o r   s p e c i m e n s  

e x p o s e d  t o  l i t h i u m   f l u o r i d e   i n  40° r i n g  sector c a p s u l e s .   T h e   w e i g h t  of 

t h e   t e n s i l e   s p e c i m e n s   b e f o r e   a n d   a f t e r  test was also d e t e r m i n e d .  

A. C h e m i c a l   A n a l y s i s  

Chemical a n a l y s e s   r e s u l t s  of t h e  doo r i n g  sector c n p s u l c s  m r j  w c l t l  

s p e c i m e n s  are shown i n   T a b l e  VIII. No s i g n i f i c a n t  changcls i n   c h e m i c n l  

a n a l y s i s  were f o u n d .   S e m i q u a n t i t a t i v e   s p e c t r o g r a p h i c   a n a l y s i s  of thc 

l i t h i u m   f l u o r i d e   r e m o v e d   f r o m   e a c h   o f   t h e   c a p s u l e s  (FS-85, Cb-lZr,  

SCh-291) a f t e r  1000 h o u r s  and 5000 h o u r s   s h o w e d   n o   i n c r e a s e   i n  Cb, W, 

Ta,  or Z r  c o n c e n t r a t i o n s   b e y o n d   t h e  limits o f   d e t e c t i o n  (< 10 ppm Cb, 

< 50 ppm W, < 100 ppm Ta,   and < 10 ppm Z r ) .  

B. Weight   Change 

W e i g h t   m e a s u r e m e n t s   o f   t h e   t e n s i l e   s p e c i m e n s   w h i c h  were removed  from 

t h e   c a p s u l e s   a f t e r   e x p o s u r e  t o  l i t h i u m   f l u o r i d e  fo r  1000 and 5000 h o u r s  

i n d i c a t e d   n o   s i g n i f i c a n t   w e i g h t   c h a n g e  (f 0.003 g 0.05 p e r c e n t ) .  

C. H a r d n e s s   S u r v e y s  

H a r d n e s s   s u r v e y s   a c r o s s   t h e   c a p s u l e   w a l l   s p e c i m e n s  showned no 

d i s c e r n i b l e   h a r d n e s s   g r a d i e n t .  

D. M e t a l l o g r a p h y  

Spec imens  were removed   f rom  each   capsu le   and   examined  for e v i d e n c e  

o f   c o r r o s i o n .  The s i d e  w a l l  w e l d   a r e a   e x p o s e d  t o  l i t h i u m   f l u o r i d e   w a s  

compared i n   a p p e a r a n c e   w i t h   t h e   c o r r e s p o n d i n g   w e l d   s p e c i m e n   e x p o s e d  t o  

t h e  same   t he rma l   and   vacuum  env i ronmen t   a long  w i t h  t h e   c a p s u l e   b u t   n o t  

t o  l i t h i u m   f l u o r i d e .  No corrosion w a s   o b s e r v e d   a s   c a n   b e   s e e n   i n   t h e  

p h o t o m i c r o g r a p h s   o f   s p e c i m e n s  of Cb-lZr,  FS-85,  and  SCb-291 a l l o y s  shown 

i n   F i g u r e s  20-22. 

As d e s c r i b e d   p r e v i o u s l y ,   t h e  CII-1Zr 40° r i n g  sector c n p s u l e s  were 

s e v e r e l y   d i s t o r t e d   f o l l o w i n g   t h e   5 0 0 0 - h o u r - t e s t   e x p o s u r e .  

S u r f a c e   d i s c o n t i n u i t i e s ,  shown i n   F i g u r e  23, were o b s e r v e d   i n  thc 
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TABLE  VIII. CHEMICAL ANALYSIS OF SECTIONS REMOVED  FROM THE WELDED SIDE WALL OF LITHIUM FLUORIDE 
40° RING  SECTOR  CAPSULES AND WELD SPECIMXNS AFTER 1000 HOURS AND 5000 HOURS OF TESTING") 

Element (') 

~ 

Concentration, ppm 
Capsule  Weld Specimens 

After 1000 burs After 5000 Hours After 1000 Hours After 5000 burs 
Before Test(d) Weld Parent  Metal Weld Parent Abtal Weld Parent  Metal Weld Parent  Metal 

168, 157(e) 211, 227 138, 154 237,  232 141, 129 129,  124 109, 102 165, 168 122, 134 

8, 10 16,  19 8, 15 11, 11 4, 3 9, 11 2, 4 12, 12 6, 8 

2, 1 4, 2 4, 5 1, 1 q, 1, 2 a, a 3, 2 2, 3 
48, 54 76 44, 54 70 6 5 ,  70 80 41, 59, 86 85 67, 70 

SCb-291 0 
(10Ta-1OW-Bal. C b )  N 

H 

C 
w 
b, 

FS-85 
(28Ta-10.5W-0.9Zr-Bal. Cb) 0 

N 

H 

C 

38, 20 32, 30 Z B ,  28 38, 35 38, 38 38, 40 30, 39 51, 82 53, 50 

3, 4 17, 9 13, 10 7, 5 6, 6 2, 3 1, 4 16, 13 9, 7 

1, 1 2, 2 a, a 2, 1 1. 1 a, a a, a 1, 3 1, 2 

9, 20 85 31,  37 46 34, 3s 40 26, 30 53 18, 20 

154, 120 154, 153 140,  153 150,  167 155,  155 134, 149 108, 120 132,  133 151, 148 

22, 114 33, 35 34, 41 27, 18 17, 17 20, 16 13, 15 10, 18 18, 18 

a. a, a, 5 a, a a, a 3, 4 1, a 1, 1 a, -=-I 
15,  28 41, 53 36, 48 55, 56 53, 54 50, 97 40, 45 56, 71 51, 51 

("Capsules  and  weld  specimens  were  cycled  between 150OOF and 1900OF; chamber  pressure at the maximum cycle temperature 
decreased from 3.7 x torr  after 50 hours of operation to 4 x torr after 5000 hours of operation'. 

(b)As-Receivgl  0.030-inch  thick  sheet. 

("Analytical Methods: 0, N. and H ;  Vacuum  Fusion C; Combustion  Conductometric 

(d)Analysis  following  welding  and  postweld  annealing of FS-85 for 1 hour at  2400°F. The Cb-1Zr and  SCb-291  were 
postweld  annealed for 1 hour  at  220O0F. 

(e)lhaplicate Analyses. 
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F810711 

Photomicrographs of t he  FS-85 40° Ring Sector  Capsule 
and Weld Specimen Following 5000 Hours of  Testing. 

Etchant : 60% Glycerin, 20% HN03, 20% HF. 
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Figure 21. Photomicrographs of  the SCb-291 40° Ring  Sector  Capsule 
and  Weld  Specimen Following 5000 Hours of Testing. 

Etchant: 60% Glycerin, 20% HN03, 20% HF. 
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Exposed t o  Vacuum. 

F810311 

Sector  Capsule Figure 22. Photomicrographs of the  Cb-1Zr 40° Ring 
and Weld Specimen  Following 5000 Hours of Test ing .  

Etchant: 60% Glycerin,  20% HNOQ, 20% HF. 
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Figure 23. Phgtomicrographs of the Distorted  Corner  of the Cb-1Zr 
40 Ring  Sector  Capsule.  The  Capsule  Deformed  as  a 
Result oof 5000 Hours of  Thermal  Cycling  Between 1500°F 
and 1900 F. 

As-Polished. 



s e l - e r e l y   d i s t o r t e d  corners of t h e  C b - 1 Z r   c a p s u l e .   C l o s e r   e x a m i n a t i o n  of  

t h e s e  areas  i n   t h e   e t c h e d   c o n d i t i o n ,   s h o w n  i n  F i g u r e  24, d i d   n o t   i n d i c s t e  

a c o r r o s i o n   m e c h a n i s m  as  a possible c a u s e .   T h e   r o u g h   a p p e a r a n c e   o f   t h e  

o u t s i d e   s u r f a c e s  of t h e   d i s t o r t e d  corners w h i c h  were n o t   i n   c o n t a c t   w i t h  

l i t h i u m   f l u o r i d e   f u r t h e r   s u g g e s t s  the  d i s c o n t i n u i t i e s   d i d   n o t   r e s u l t  

f r o m   l i t h i u m   f l u o r i d e  corrosion. I n  t h i s   r e g a r d ,   a n a l y s i s   o f   t h e   l i t h i u m  

f l u o r i d e  removed from t h e   c a p s u l e s   a f t e r  t e s t ing  d i d  not i n d i c a t e   t h e  

p r e s e n c e  of a n y   e l e m e n t s   p r e s e n t  i n  t h e  c a p s u l e  materials. 

A s p a r e  Cb-1Zr 40° r i n g  sector c a p s u l e   w h i c h   h a d   n o t   b e e n   f i l l e d  

o r  tested was e x a m i n e d   m e t a l l o g r a p h i c a l l y  t o  a s c e r t a i n   t h a t  thc d i s -  

c o n t i n u i t i e s  were n o t   p r o d u c e d   d u r i n g   t h e   f o r m i n g  01’ t h e   c a p s u l e s .  No 

d i s c o n t i n u i t i e s  were o b s e r v e d , a n d   b o t h   t h e   i n s i d e   a n d   o u t s i d c  w a l l s  a t  

t h e   c o r n e r s  were s m o o t h   a s   s h o w n   i n   F i g u r e   2 5 .  

I t  i s  p o s t u l a t e d   t h a t   t h e   d i s c o n t i n u i t i e s   o b s e r v e d   i n   t h e  Cb-1Zr 

c a p s u l e   r e s u l t e d   f r o m   t h e   d e f o r m a t i o n s   c a u s e d   b y   t h e   t h e r m a l   c y c l e s ,   a n d  

t h e   d i s c o n t i n u i t i e s  on t h e   i n s i d e   c a p s u l e  w a l l  i n   c o n t a c t   w i t h   l i t h i u m  

f l u o r i d e  were e n l a r g e d   a s  a r e s u l t   o f   t h e   m e l t i n g   a n d   f r e e z i n g  of t h e  

l i t h i u m   f l u o r i d e   a n d   t h e   c o n c o m i t a n t  30 p e r c e n t   c h a n g e   i n   v o l u m e .  

E. T e n s i l e   T e s t s  

Room t e m p e r a t u r e   t e n s i l e  tests of  Cb-lZr,   SCb-291,  and FS-85 a l l o y s  

e x p o s e d  t o  l i t h i u m   f l u o r i d e   f o r  1000 h o u r s   a n d  5000 h o u r s   i n  40° r i n g  

sec tor  c a p s u l e s  were c o n d u c t e d   a l o n g   w i t h   t h e   p r e t e s t   s p e c i n i c n s  01 each 

a l l o y .   T h e  test  r e s u l t s   a r e  shown i n   T a b l e s  I X ,  X,  and X I .  

G r a p h i c a l   a n a l y s e s  of t h e   d a t a  shown i n   F i g u r e s  X, 27, and 2s intl icntc 

s m a l l   c h a n g e s   i n   m e c h a n i c a l   p r o p e r t i e s  as a r e s u l t  of i .he t es t  e x p o s u r e .  

T h e   t e n s i l e   s t r e n g t h s  of a l l   t h r e e   a l l o y s   d e c r e a s e d   s l i g h t l y   i n   r c l n l i o n  

t o  e x p o s u r e  hours w i t h  t h e   g e t t e r e d   a l l o y s ,  Cb-1Zr  and FS-85, showing 

t h e  most change .   The   changes  i n  p r o p e r t i e s  are most l i k e l y  a r e s u l t  of 

t h e   t h e r m a l   e f f e c t s   o f   t h e   e x p o s u r e   a n d  not t h e  e f fec ts  of l i t h i u m  

f l u o r i d e   s i n c e   n o   s i g n i f i c a n t   c h a n g e s   i n   c h e m i c a l   a n a l y s i s   a n d  micro- 

s t r u c t u r e  were o b s e r v e d .  

F. Bend T e s t s  

Weld s p e c i m e n s  of Cb-lZr,  SCb-291,  and FS-85 of thc f o l l o w i n g  

c o n d i t i o n s  were t e s t e d :  

4 1  
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Figure 24. Photomicrographs of  the  Distorted Corner of the Cb-1Zr 40' Ring Sector 
Capsule Showing the  Discontinuities  in  the  Surface, The Capsule 
Deformed as  a  Result  of 5000 Hours of Thermal Cycling Between 1500°F 
and 1900'F. 

Etchant: 60% Glycerin, 20% HN03, 20% HF 
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Figure 25. Corner of Cb-1Zr 40' Ring Sector Capsule Before Test. 

Etchant : 602 Glycerin, 20% m03, 20% EF. 
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TABLE I X .  ROOM TEMPERATURE T E N S I L E   P R O P E R T I E S   O F  Cb-1Zr S P E C I m N S  

EXPOSED TO LITHIUM FLUORIDE IN 40° RING SECTOR CAPSULES ( a  1 

C o n d i t i o n  

A s  Received 

Exposed 1000   hour s   i n  
l i t h i u m   f l u o r i d e  

Exposed 5000 h o u r s   i n  
l i t h i u m   f l u o r i d e  

U l t i m a t e  
S t r e n g t h  

p s i  

38 , 020 
38,000 

38,000 avg . 

37 , 200 
37.450 

37,300 avg. 

34 , 990 
35 , 630 
35,860 

36,857 

35,800 avg. 

0.2% Yield  
S t r e n g t h  

p s i  

20,920 

21.120 

21,000 avg. 

23 , 740 
22.840 

23,300 avg. 

20,990 

20,290 

22 , 000 
23,370 

21,700 avg. 

E l o n g a t i o n  
% 

32.5 

34.1 

33 avg .  
- 

28.7 

28.6 

28 a v g .  

26.1 

26.6 

27.2 

26.2 

26 avg. 
- 

( a )  T h e  c a p s u l e s  were cycled  between 1500°F and 1900°F. 
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TABLE X.  ROOM TEMPERATURE TENSILE  PROPERTIES  OF SCb-291 SPECIMENS 

EXPOSED lXl LITHIUM FLUORIDE IN 40' RING  SECTOR CAPSULES (a 1 

Condition 

As Received 

Ultimate 
Strength 

psi 

56,890 

57,110 

57,000 avg . 
Exposed 1000  hours in 
lithium fluoride 57,020 

55 ,500  

56,300 avg. 

Exposed 5000 hours in 
lithium fluoride 56,880 

56,950 

55,397 

55,349 
" 

56,100 avg. 

0.2% Yield 
Strength 

psi 

43,260 

42,510 

43,300 avg . 
" 

41,950 

39,350 

40,700 avg. 

40,060 

40 , 090 
39 , 900 
39,200 

39,800 avg. 

Elongation 
% 

34.0 

32.7 

33 3 v g .  

33.5 

27.5 

31 avg. 

27.0 

29.6 

25.2 

28.5 - 
28 nvg. 

(a) The  capsules  were cycled between 1500'F and 1900°F. 



TABLE X I .  ROOM TEMPERATURE TENSILE  PROPERTIES  OF FS-85 SPECIMENS 

EXPOSED To LITHIUM FLUORIDE IN 40' RING SECTOR CAPSULES") 

Condit ion 

Ul t imate  
S t r eng th  

D S  i 

0.2% Yield 
St reng th  

D S  i 

As Received 

Exposed  1000  hours i n  
l i t h i u m  f l u o r i d e  

Exposed 5000 hours i n  
l i t h i u m  f l u o r i d e  

84 , 560 

83,790 

84,200  avg. 

81,753 

81,415 

81,600  avg . 

81,120 

81,270 

81,230 

81,150 

81,200  avg . 

68,800 

64,860 

66,800  avg. 

61,440 

62,796 

62,100 a v g .  

61,010 

60,910 

61,170 

60,560 

60,900  avg. 

24.0 

25.9 

25 nvg. 
- 

27.4 

26.1 

26.5 

26.8 

27 avg. 

- _L__ " 

( a )  The capsules  were cycled  between  1500'F  and  1900°F. 
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Figure 26. Tensi le   Propert ies  of Cb-1Zr i n  Relat ion to Time of 
Exposure to  Lithium  Fluoride i n  40° R i n g  Sector 
Capsules Cycled Between 1500°F  and 1900 F. 
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Capsules Cycled Between 1500°F and 1900°F. 
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Figure 28. Room Temperature Tensi le   Properties  of FS-85 Alloy  i n  
Relat ion to Time of Exposure to Lithium  Fluoride i n  40° 
Ring Sector  Capsules  Cycled Between 1500°F and 19006F. 
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a .  

b.  

C. 

d .  

e .  

Pretest. 

Specimens  removed from t h e   s i d e   w a l l  of 40° r i n g  sector c a p s u l e s  

t e s t e d  f o r  1000 h o u r s .  

Specimens  exposed t o  vacuum a l o n g   w i t h  40' r i n g  sector c a p s u l e s  

t e s t e d  for  1000 h o u r s .  

Specimens  removed from t h e   s i d e  wal l  o f  40° r i n g  sector c a p s u l e s  

tested for 5000 h o u r s .  

Specimens exposed t o  vacuum a l o n g   w i t h  40° r i n g  sector c a p s u l e s  

tested for 5000 h o u r s .  

Bend tests were pe r fo rmed   acco rd ing  t o  Mate r i a l   Adv i so ry   Board  

recommended tes t  parameters")  w i t h  a n   I n s t r o n   U n i v e r s a l   T e s t i n g   M a c h i n e  

RIKI a c r o s s h e a d   t r a v e l   s p e e d  of 0.2  in/min.  A l l  bend tests were conducted  

a t  I t  ( r a d i u s   o f   a n v i l   e q u a l  t o  t h e   s p e c i m e n   t h i c k n e s s ) .   S p e c i m e n s  were 

t e s t e d   w i t h   t h e   w e l d   f a c e   i n   t e n s i o n   a n d   b e n d i n g   a x i s   p e r p e n d i c u l a r  t o  

t h e  w e l d  a x i s .  The  bend test  t e m p e r a t u r e s  were c o n t r o l l e d   u s i n g   l i q u i d  

n i t r o g e n  f o r  tests a t  -320°F,  and  2-methyl-butane f o r  t e m p e r a t u r e s  of 

-lOO°F t o  -250OF. The tests were conduc ted   w i th   spec imen ,   anv i l ,   and  

s t i r r u p  a l l  immersed i n   t h e   r e s p e c t i v e   l i q u i d s .   T e s t s   c o n d u c t e d   i n   t h e  

2-methyl-blltane were c o o l e d  t o  t h e  d e s i r e d  temperature   by  pumping  regu-  

l a t e d   q u a n t i t i e s   o f   l i q u i d   n i t r o g e n   t h r o u g h  a c o p p e r   c o o l i n g  c o i l  p l a c e d  

i n   t h e   b a t h -  A copper /coz is tan tan   thermocouple   a t tached  t o  t h e  bend test  

s t i r r u p  was u s e d  t o  m o n i t o r   t h e   t e m p e r a t u r e .  

.The  bend test r e s u l t s   a r e  as f o l l o w s :  

Cb-1Zr  The duc t i le - to-br i t t l e  bend t r a n s i t i n n   t e m p e r a t u r e   € o r  

a l l  Cb-1Zr  specimens was found t o  be below -320°F. 

Specimens f o r  e a c h   c o n d i t i o n   b e n t  a f u l l  105' w i t h o u t  

f a i l u r e   a t  -320OF. 

SCb-291 Pretest specimens of SCb-291 b e n t   1 0 5 ° ' w i t h o u t   f a i l u r e  

a t  -250°F and f a i l e d  a t  60° bend a t  -320°F i n d i c a t i n g  

" E v a l u a t i o n   T e s t   M e t h o d s   f o r   R e f r a c t o r y   M e t a l   S h e e t , M a t e r i a l s , "  
AD 625606 ,   Na t iona l  Academy of S c i e n c e s  - N a t i o n a l   R e s e a r c h  
Counci l ,   Washington,  D. C., November 1965. 
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the  bend  transition  temperature to be  approximately 

-300°F. Specimens  for  all  other  conditions  bent 105' 

without  failure at -320'F. 

FS-85 The FS-85 bend  test data  is  shown  in  Figure 29. The 

ductile-to-brittle  bend  transition  temperatures  determined 

from the plotted data are  presented  in Table XII. A 

comparison  of  the  data  obtained on the  specimens  which 

were  exposed  to  vacuum  and  sDecimens  removed  from  the 

capsule  indicated  the  lithium  fluoride  exposure  has a 

definite  effect on raising  the  ductile-to-hrittle transi- 

tion  temperature of FS-85. Both  types of specimens had 

similar  thermal  history. 
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F i g u r e  29. D u c t i l e - t o - B r i t t l e  Bend Trans i t i on   Tempera tu res  of FS-85 Weldments. 



TABLE XII. DUCTILE-TO-BRITTLE  BEND  TRANSITION  TEMPERATURES OF PS-85 

LITHIUM  FLUORIDE 40° RING SECTOK CAPSULF, TESTS 

SDecimen 
Time, Ductile-to-Brittle  Bend 

Exposure  Hours  Transition  Temperature, OF 

Pretest - - - 320 

Weld  Specimen (a) Vacuum 1000 - 240 
Weld Specimen Vacuum 5000 - 230 

Capsule  sidewall 
We Id Vacuum/LiF 1000 

(b) 

Capsule  Sidewall 
We Id  Vacuum/LiF 5000 

- 215 

- 170 

(a) Specimens  exposed  along  with  the 40° ring  sector  capsules 
and  cycled  from  1500°F to 190O0F. 

(b) Specimens  removed  from  sidewal.1  weld of 40° ring  sector 
capsules  which were cycled from 1500°F to 190O0F. 

53 

" 



VI. CONCLUSIONS  AND  RECOMMENDATIONS 

The columbium  alloys  Cb-lZr, FS-85 (28Ta-10.5W-O.9Zr-Bal  Cb)  and 

SCb-291  (10Ta-1OW-Bal  Cb)  have  demonstrated  compatibility with lithium 

fluoride  under  thermal  cyclic  conditions  between 1500'F and  1900°F  for 

extended  periods  of  time. 

Although  no  corrosion  effects of lithium  fluoride  on  Cb-1Zr  were 

observed  this  alloy  lacks  sufficient  strength for lithium  fluoride con- 

tainment  under  thermal  cyclic  conditions  at a maximum t elnperature o f  

1900'F. Under  these  high  temperature  conditions FS-85 containlnent  is 

recommended. 
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